A -study Design, B -Data collection, C -statistical analysis, D -Data interpretation, E -Manuscript Preparation, F -literature search, G -Funds collection Background. acromegaly is a rare chronic disease with an excessive secretion of growth hormone, which leads to characteristic changes in appearance, organ and metabolic complications and neoplasms, which are a significant cause of shortened survival time. one of the most common consequences of acromegaly is disturbed carbohydrate metabolism. Objectives. the aim of this study was to assess the prevalence of disorders of carbohydrate tolerance and their relationship with the prevalence of malignant tumours in subjects with acromegaly. Material and methods. the study group comprised 69 patients with confirmed acromegaly (26 M, 43 F), aged 26-83 (mean 58.9 ± 11.0). Medical histories and the results of laboratory tests -plasma fasting glucose and oral glucose tolerance test, as well as the results of imaging and histopathological examinations performed in cases of suspected cancer lesions were analyzed. Results. Disorders of carbohydrate tolerance were confirmed in a total of 46 patients (66.7%). 23 patients (33.3%) had normal glucose tolerance. Diabetes was diagnosed in 22 patients (31.9%), while prediabetes was diagnosed in 24 (34.8%) patients. in the analyzed group there were 6 cases of cancers, including 5 patients with concomitant diabetes, which represented a value significantly higher (p = 0.01) compared to patients without diabetes. the sixth case of cancer was detected in a woman with igt. in patients with normal glucose tolerance there was no case of cancer. Conclusions. among patients with acromegaly, disorders of carbohydrate tolerance occur in more than half of the cases, which confirms the need for active screening in this group of patients, in which a significant role is played by general Practitioners. general Practitioners should also consider the possibility of acromegaly in the differential diagnosis of glucose tolerance disorders detected in their patients. all patients with acromegaly, especially with concomitant diabetes or prediabetes, should be screened for cancers. Key words: acromegaly, diabetes, prediabetes, malignancy. 
Background
somatotropic pituitary adenomas excessively secreting growth hormone (gh), causing acromegaly occur with a frequency of 50-70 cases/million inhabitants. the consequence of the disease is the excessive production of growth factors (mainly insulin-like growth factor-1, igF-1), which leads to characteristic changes in the appearance of patients, organ and metabolic complications and neoplasms [1, 2] . slow changes in appearance and the rich symptomatology of acromegaly are a frequent cause of diagnostic errors in the practice of general Practitioners and delay diagnosis of the disease by an average of 5-10 years. the most frequent reasons for presenting patients to general Practitioners are: nodular goiter, hypertension, osteoarthritis, hyperglycemia, and sleep apnoea syndrome [1, 3] .
one of the most common complications of acromegaly is disturbed carbohydrate metabolism, and this affects more than half of patients with various degrees of disease severity: hyperinsulinaemia (up to 80%), glucose intolerance (up to 40%), and diabetes (up to 20%) [2] . Diabetes (diabetes mellitus -DM) in the course of acromegaly belongs to a heterogeneous group of secondary diabetes (of known etiology and pathogenesis). apart from cushing's syndrome, acromegaly is the most frequent endocrinopathy causing a disorder of this type, which in the early period results mainly from insulin resistance, and in the later one is also caused by insulin deficiency [4] . Excessive secretion of gh and igF-1 in acromegaly has an opposite effect on carbohydrate metabolism. gh reduces the uptake and oxidation of glucose in muscle tissue, increases hepatic gluconeogenesis, and causes insulin resistance by the activation of lipolysis and an increase in the concentration of free fatty acids [5] [6] [7] . it is a hormone which exerts an antagonistic hepatic and peripheral effect in comparison to insulin, which is physiologically important in the prevention of hypoglycaemia, and is also responsible for "stress" diabetes and probably for the "dawn phenomenon" (increase in the demand for insulin in the morning) [6] . in comparison to gh, igF-1 exerts effects similar to insulin (especially in the muscle tissue), decreases blood glucose level, and has been used experimentally in the treatment of type 1 and 2 diabetes [7, 8] .
gh and igF-1 also demonstrate proliferative and antiapoptotic activity, and long-term exposure to their excess increases the risk of cancer, representing the third cause of death in this group of patients [9, 10] .
Objectives the aim of this study was to assess the prevalence of disorders of carbohydrate tolerance and their relationship with the prevalence of malignant tumours in subjects with acromegaly.
Material and methods
the study group comprised 69 patients (26 men, or 37.7% and 43 women, or 62.3%), aged from 26 to 83 (58.9 ± 11.0), remaining under the care of the Department of Endocrinology and Endocrinology hospital outpatient clinic in lublin in the years 2000-2015. active acromegaly was confirmed based on lack of inhibition of gh secretion in the oral glucose tolerance test with 75 g of glucose, elevated concentration of igF-1 and the presence of pituitary adenoma in magnetic resonance (Mr) examination. Medical histories and the results of laboratory tests -plasma fasting glucose in venous blood and oral glucose tolerance test with 75 g of glucose, as well as the results of imaging and histopathological examinations performed in cases of suspected cancer lesions were analyzed.
the obtained results were subjected to statistical analysis using statistica v. 10.0 software (statsoft, Poland). Values of the analyzed parameters measured in a nominal scale were characterized using count and percentage, while in the ratio scale using mean value and standard deviation. Variables with normal distribution (patients' age) were evaluated using the shapiro-wilk test. the Mann-whitney u test was used for the comparison of two independent groups. to detect the existence of differences or dependencies, the chi--squared test was used; a 5% error of inference was assumed.
Results
Disorders of carbohydrate tolerance were confirmed in a total of 46 patients (66.7%), 28 women (65.1%) and 18 men (69.2%). 23 patients (33.3%) had normal glucose tolerance (15 F = 34.9%; 8 M = 30.8%).
Diabetes was diagnosed in 22 subjects (31.9%), 15 women (or 34.9%) and 7 men (or 26.9%). Prediabetes was diagnosed in 24 patients (34.8%), including impaired fasting glucose -iFg in 12 subjects (17.4%), impaired glucose tolerance -igt in 8 (11.6%), while in 4 patients (5.8%) impaired fasting glucose coexisted with impaired glucose tolerance. iFg was detected in the same number of women and men (6 subjects in each group, or in 13.9% of F and 23.1% of M), similarly to concomitant iFg + igt -2 subjects in each group (4.6% of F and 7.7% of M). igt was found in 5 women (11.6%) and 3 men (11.5%).
in the whole group 6 cases of cancer in 8.7% of patients (5 F and 1 M) were found: one case each of the ascending colon, rectum, stomach, endometrium, breast, and thalamic astrocytoma. all of these cancers occurred significantly more often (p = 0.01) in subjects with concomitant diabetes in comparison to the remaining patients (22.7% vs. 2.13%). no similar relationship between the prevalence of cancers and the presence of prediabetes was found, wherein 1 case of breast cancer in a woman with igt was diagnosed. in patients with normal glucose tolerance there was no case of cancer. no statistically significant relationship between the occurrence of impaired carbohydrate metabolism and available demographic data was found. with age the study patients acquired cancers significantly more frequently (p = 0.01).
Discussion
in the analyzed group of patients disorders of carbohydrate tolerance occurred in more than half of the subjects (66.7%), with a percentage slightly higher than reported by other authors: Valea et al. -DM -12%, iFg -28%, igt -16% (56% in total) [7] , alexopoulou et al. -iFg and igt -26%, DM -28% (54% in total) [11] . Diabetes was diagnosed in 31.9% of subjects, similarly to wen-ko et al.
(37.2%) [12] or zieleniewski and Michalak -(32%) [13] and in a percentage higher than Valea et al. -12% [7] . these differences probably result from different criteria of the diagnosis of disorders of carbohydrate tolerance adapted in different countries, as well as different patient populations (prospective and retrospective studies, different geographic zones, eating habits, bMi, age), but all the studies clearly demonstrate the importance of the problem.
there is much evidence confirming the negative impact of diabetes on the survival time of patients, which especially concerns patients with acromegaly. wen-ko et al. demonstrated a shorter survival time of patients with acromegaly and diabetes compared with a subgroup with acromegaly without diabetes, while levels of gh and igF-1 in patients with diabetes were only slightly higher (to a statistically insignificant extent) [12] . these researchers also confirmed a lower percentage of surgically treated patients in the subgroup with concomitant diabetes [12] .
it is widely known that gh and iFg-1 are proliferative and anti-apoptotic factors, while hyperinsulinaemia probably plays an additional role, stimulating cell growth and division in concomitant diabetes, as it occurs in type 2 DM [14, 15] . therefore, the most serious complications of acromegaly, especially with concomitant diabetes, are cancers, mainly of the gastrointestinal tract, but also of other organs: breast, prostate, brain [2, 9, 10, 13, 16] . in the group of 106 patients suffering from acromegaly with concomitant diabetes, wen-ko et al. demonstrated a higher prevalence of cancers as compared to patients with acromegaly without diabetes (13.2% vs. 3.5%; p < 0.01) [12] .
the present results also confirm this tendency. in the analyzed group there were 6 cases of cancers, including 5 patients with concomitant diabetes, which represented a value significantly higher compared to patients without diabetes (22.7% vs. 2.13%; p = 0.01), while the sixth case of cancer was detected in a woman with prediabetes (igt). in patients with normal glucose tolerance there was no case of cancer.
it was found that a statistically significant relationship between age and the prevalence of cancers is probably a reflection of the general trend (ageing population), but it may also result from a longer time of exposure to the proliferative activity of gh and iFg-1.
a limitation of the present study is the relatively small group of patients, associated with the rare prevalence of acromegaly in the general population. however, despite this, the present observations, similarly to those of the above-quoted authors [2, 9, 10, 13, 16] , confirm the need for increased oncologic control of patients with acromegaly, according to Polish recommendations [2] , and especially of patients with concomitant disorders of carbohydrate metabolism.
Conclusions
because of the very high prevalence of disorders of carbohydrate metabolism in patients with acromegaly, there is a need for active screening for glucose intolerance in this group of patients, in which a significant role is played by general Practitioners. general Practitioners should also consider the possibility of acromegaly in the differential diagnosis of glucose tolerance disorders diagnosed in their patients.
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